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PREFACE

The California Energy Commissionds (CEC) Energy
supports energy research and development programs to spur innovation in energy efficiency,

renewable energy and advanced clean generation, energy-related environmental protection,

energy transmission and distribution and transportation.

In 2012, the Electric Program Investment Charge (EPIC) was established by the California

Public Utilities Commission to fund public investments in research to create and advance new

energy solutions, foster regional innovation and bring ideas from the lab to the marketplace.

The CEC and the st at edvsedutiltiesd PacificasqredElectric nvest or
Company, San Diego Gas & Electric Company and Southern California Edison Compaidywere
selected to administer the EPIC funds and advance novel technologies, tools, and strategies

that provide benefits to their electric rate payers.

The CEC is committed to ensuring public participation in its research and development
programs that promote greater reliability, lower costs, and increase safety for the California
electric ratepayer and include:

1 Providing societal benefits.
1 Reduchg greenhouse gas emission in the electricity sector at the lowest possible cost.

f Supporting Californiabds | oading order to mee
and demand response, next with renewable energy (distributed generation and utility
scale), and finally with clean, conventional electricity supply.

1 Supporting low-emission vehicles and transportation.
1 Providing economic development.
1 Using ratepayer funds efficiently.

Electric Plug Load Savings Potential of Commercial Foodservic&quipmentis the final report
for the Electric Plug Load Savings Potential of Commercial Foodservice Equipment in
Commercial Foodservice project, Contract Number EPG15-027, conducted by Frontier Energy.
The information from this project contributes to the Energy Research and Development
Divisionb6és EPIC Program.

For more information about the Energy Research and Development Division, please visit the
CECO6s r es e a(wwwlenemgech.gov/tesearch/) or ¢ ontact the CEC at
ERDD@energy.ca.gov



http://www.energy.ca.gov/research/

ABSTRACT

Frontier Energy, Inc., the operator of the Food Service Technology Center, worked in
conjunction with Pacific Gas and Electric Company and Silicon Valley Power to studythe
energy load and energy reduction potential of commercial, unhooded electric plug load
foodservice equipment.

This project included a market survey, solicitation of test sites, onsite research at a range of
commercial foodservice operations to characterize the daily electrical consumption and use of
a variety of plug load kitchen equipment , and analysis of collected data. Energy meters were
installed at each of 29 test sites to determine electrical consumption. Where opportunities for
energy savings appeared present, researchers swapped he baseline plug load equipment with
energy efficient replacements.

The results showed that commercial foodservice plug load equipment has a wide range of
energy intensity, based on the operation type and hours. Appliance energy use ranged from
20 kilowatt-hours to less than 1 kilowatt-hour. Energy intensive plug load appliances can use
more than 7,000 kilowatt-hours per year. Appliances had varying hours of operation, ranging
from as little as five hours per day for soup wells to 24 hours per day for espr esso machines.

Cumulative energy savings for all plug load equipment can be substantial. The project
identified five categories with the highest potential savings as well as several high-energy
consuming categories with no energy efficient alternatives available on the market (as of
2019). Restaurant owners were happy with the equipment replacements and often noted
better product quality than the previous equipment, but not all categories can generate
sufficient savings to justify the cost of early replacement for an individual restaurant owner.

By demonstrating energy saving potential using innovative energy efficient appliance
technologies, the data from this project can be used to accelerate the adoption of advanced
energy efficient cooking equipment within the commercial foodservice industry.

Keywords : Commercial foodservice equipment, restaurants, conveyor toaster, coffee brewer,
cook and hold, cooktop, countertop oven, espresso machine, heat lamp, heated shelf, heat
strip, holding cabinet, microwave, panini press, pop-up toaster, rapid cook oven, rectangular
heated well, rethermalizer, rice cooker, soda dispenser, soup well, tea brewer, tortilla warmer,
waffle iron, baseline, energy-efficiency, energy savings, idle energy use.

Please use the following citation for this report:

Ruan, Edward, Mark Finck, Denis Livchak, Michael Slater, Michael Karsz, and David Zabrowski.
2021. Electric Plug Load Savings Potential of Commercial Foodservice Equipment
California Energy Commission. Riblication Number: CEG500-2021-040.
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EXECUTIVE SUMMARY

Introduction

Foodservice facilities are the largest energy users in the commercial building sector,
consuming as much as five times more energy per square foot than any other type of
commercial building. With an estimated 93,300 commercial foodservice facilities operating in
California, the total electric load of these establishments approaches 7.36 gigawatt-hours
annually.

Electric appliances without dedicated ventilation, commonly referred to as plug load
appliances, comprise a substantial portion of commercial foodservice equipment. Though less
energy intensive per unit than standard cookline equipment, plug load appliance s collectively
represent a large energy load in California. However, little is known about the energy use of
plug load appliances since they have historically been overlooked during research in favor of
larger, more energy-intensive cooking equipment.

With little research into plug load cooking appliance energy usage, there are currently no clear
labels to help consumers make educated energy efficient purchasing decisions. Thus, while a
few efficient technologies exist, market adoption of them is typically low given the price
premiums, lack of research and marketing, and lack of independent confirmation of
manufacturer claims. Appliance purchases are driven primarily by initial cost without
consideration of potential energy use.

The California Energy Commision funded a comprehensive commercial kitchen plug load
equipment study to assess the energy load and energy reduction potential of unventilated
commercial plug load foodservice equipment. This study characterizes the energy use of 128
plug load appliances through field monitoring at 29 commercial kitchens in Northern California,
demonstrating reduced energy consumption using precommercial appliance designs and
control technologies. By demonstrating energy saving potential using innovative energy
efficient appliance technologies, the data from this project will be used to accelerate the
adoption of advanced energy efficient cooking equipment within the commercial foodservice
industry.

Project Purpose

This project quantified the energy use of the various ty pes of commercial foodservice plug
load equipment and demonstrated and characterized the energy-savings potential, cost
effectiveness, and improved cooking performance of energy efficient plug load equipment
when compared with baseline equipment. By sharing this new body of research with
manufacturers, utilities, and end users, Frontier Energy aimed to create a business case to
expand the creation, incentives, and adoption of energy efficient plug load appliances.

Project Approach

Researchers selected29 commercial foodservice sites to represent the various facets of the
industry: independent quick - and full-service restaurants, quick-service chains, university and
corporate dining halls, and hotel restaurants. Researchers established baseline energy
consumption by submetering the existing commercial plug load appliances with commercial -
grade electric meters. Where energy savings opportunities seemed present, researchers
modified or replaced the existing appliances with energy-efficient alternatives. Researchers

1



characterized the resulting plug | oad energy

restaurant operation, surveying the staff for their thoughts concerning the replacement
technology. The research team monitored all appliances for at least two weeks to obtain a
reliable energy characterization, and energy data was normalized for hours of operation to
mitigate biases from seasonality and fluctuations in business volume. Frontier also conducted
laboratory testing to characterize baseline and efficient plug load appliance operation within
controlled settings. Findings from this field and laboratory research were integrated with
indepth market analyses to determine the strongest energy savings plug load opportunities
and total energy savings potential for California.

Project Results

Frontier Energy monitored 91 baseline appliances, analyzd the strongest energy savings
opportunities, and made 18 appliance replacements. Some sites were already using energy
efficient appliances, and those were monitored to inform potential savings estimates of
baseline appliances. Researchers identified and analyzedl9 of these pre-existing efficient
technologies.

The project successfully characterized the energy and operating use of a variety of unhooded
commercial plug load appliances, representing a wide range of foodservice applications and
use levels. Appliance energy use varied significantly by site and operation type, with hours of
operation and appliance settings playing a key role in the energy usage differences across an
appliance category. Based on data from direct appliance replacements or extrapolating from
efficient equipment data (if no direct replacements were made), researchers estimated savings
potential for nine of the 22 appliance categories. The appliances with the strongest energy-
saving opportunities were espresso machines, coffee brewers, conveyor toasters, and holding
cabinets.

Researchers found that energy-efficient appliances generally produced the same or higher
quality food product based on staff interviews. Besides saving energy, efficient appliances
increased safety, reduced labor, and sometimes even improved kitchen throughput.
Impediments to kitchen productivity and workflow were one of the primary customer concerns
around energy-efficient equipment, a concern which this study proved to be nonexistent when
the technology is properly applied.

Frontier Energy found that plug load equipment in commercial kitchens demonstrated an
average daily energy consumption of 0.6 kWh to 20.4 kWh. The demonstrated appliance
savings for efficient replacement ranged from $0 to nearly $600 per unit across the different
categories, with the average savings per unit being $200 - $300. The project team
recommends additional research to fully explore the energy savings potential of high-
opportunity baseline appliances with little or no replacement, such as heat strips and heated
wells. Frontier Energy also recommends a dedicated study on rapid cook ovens, which are
becoming popular in an evolving foodservice landscape that is trending toward flexible and
compact kitchens. Rapid cook ovens are energyintensive appliances, but their ability to
increase throughput and reduce kitchen footprint can create electrical, HVAC, and labor
savings when used optimally.

S
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Technology/Knowledge Transfer/Market Adoption

Frontier Energy launched targeted education efforts directed toward foodservice
operators/owners, utilities, manufacturers , and equipment vendors. Researchers publicized
energy findings and results on the project website, paired with various presentations, classes,
and webinars to spread knowledge and direct interested parties to the website for further
information. Frontier made key presentations at the Multi-Unit Foodsenice Equipment
Symposium Confererce, the National Restaurant Association show and in multiple California
Energy Wise seminars, among many other efforts. Content for the project has also been
publicized through Foodservice Equipment Reports,which has run several articles about the
project findings and results. The team also created and publicized case studies about the
restaurants that featured the best energy -savings stories online.

For consumers, this information is anticipated to generate demand for efficient equipment. By
clearly illustrating the potential energy savings, payback periods, and improvements to kitchen
quality, Frontier Energy aims to raise awareness and improve customer sentiment toward
switching to energy-efficient plug load equipment. For utilities, the goal is to showcase the
potential energy savings, spurring them to continue to spread the information and possibly
create rebate programs to make energy-efficient replacements more accessible. For
manufacturers, researchers aim to provide motivation to increase the supply of energy-
efficient equipment and spur market change. This report provides valuable marketing material
by which manufacturers can show the potential savings to raise customer demand for their
efficient products. This same marketing benefit is directe d toward the equipment vendors, to
encourage them to stock and promote energy-efficient products more frequently.

Benefits to California

This project demonstrated the energy-savings potential and cost effectiveness of energy-
saving technologies in plug load equipment and the behavioral changes necessaryto maximize
the effectiveness of those technologies. The research will increase the availability of energy-
efficient appliances from equipment vendors, drive the creation of more efficient equipment
from manufacturers, increase the demand from foodservice operators, and make the
replacement opportunities more accessible and enticing with possible rebate incentives from
utilities. For ratepayers, this means improved availability, awareness, and possibly better
pricing for energy-efficient equipment. These characteristics could save as much as $1,290 in
annual energy costs for a single plug load appliance, with savings ranging between -6 percent
and 69 percent for replacements. Average payback for the efficient plug load appliances
ranged anywhere from immediate to 30 years, varying significantly by use case and appliance
category. Frontier Energy projected the total current energy -savings potential of efficient plug
loads to be about 51 gigawatt-hours per year given the examined market and energy data,
and new technology adoption rates to be between 5 percent and 20 percent.






CHAPTER 1:
Introduction

Background

Foodservice facilities are the largest energy users in the commercial building sector,
consuming as much as five times more energy per square foot than any other type of
commercial building. Foodservicefacilities can be found in several commercial building types:
large office, restaurant, retail, grocery, school, college, health, and lodging , with an estimated
93,300 commercial foodservice (CFS) facilities operating in California.

Electric appliances without dedicated ventilation, more commonly referred to as plug load
appliances, comprise a substantial portion of CFS equipment. Plug load appliances ae
commonplace, but the individual energy use for these appliances is not always significant
enough for a business owner to consider the most energy efficient options. However, small
savings from each plug load appliance can add up to a large energy-saving opportunity for the
State of California if implemented on a large scale.

CFS is a market sectorin which strategic improvements in appliance design could result in
significant energy savings and emission reductions. However, heavy competition among
manufacturers for market share within a typically frugal industry has emphasized production of
inexpensive equipment rather than energy efficient equipment. CFS operators have also been
slow to adopt high -efficiency electric foodservice equipment, despite high operating costs and
the large number of facilities operating in the state. Appliance purchases are driven primarily
by initial cost without consideration of potential energy use. While a few efficient technologies
exist, market adoption is typically low giv en the price premiums and lack of
research/marketing to promote advancements in the field. Plug load appliances have
historically been overlooked and under-researched in favor of larger, more energy intensive
cooking equipment. With little research into plug load cooking appliance energy usage, there
are currently no clear labels to help consumers make educated energy efficient purchasing
decisions.

The California Energy Commission funded acomprehensive commercial kitchen plug load
equipment study to assess the energy load and energy reduction potential of unventilated
commercial plug load foodservice equipment. This study characterizes the energy usage of 128
plug load appliances through field monitoring at 29 different commercial kitchens in Northern
California, demonstrating reduced energy consumption using pre-commercial appliance
designs and control technologies. By demonstrating energy saving potential using innovative
energy efficient appliance technologies, the data from this project will be used to accelerate

the adoption of advanced energy efficient cooking equipment within the CFS industry.

Objective

The overall goals of this project were to quantify the energy use of the various t ypes of CFS
plug load equipment and demonstrate and characterize the energy saving potential, cost
effectiveness, and improved cooking performance of energy efficient plug load equipment
when compared with baseline equipment. As an under-researched appliarce type, the
monitoring of unventilated plug loads will guide the creation of a new research database for



appliances in this category. With this new body of research, Frontier Energy aims to create a
business case for the kitchen design community to overcome the market barriers of energy
efficiency measures and provide incentives for the development of new energy efficient
equipment. With increasing customer awareness and growing energy efficient inventory,
Frontier Energy hopes to facilitate a paradigm shift away from low efficiency equipment
purchases toward higher efficiency purchases.

Frontier Energy will provide the results from this study to equipment manufacturers, corporate
and independent end users, and utilities. Plug load equipment manufacturers will learn which
plug load appliances have the greatest energy-saving potential, along with how their
equipment is currently being used. Manufacturers can then determine what improvements
they can make to their products to reduce energy without sacrificing performance, thereby
increasing the inventory of energy -efficient products. End users will discover new energy-
saving solutions they can implement, with a specific cost/benefit analysis that will help them
make more informed decisions about their plug load equipment. Utilities will use the findings
to determine the energy effect of each appliance category in terms of cumulative kilowatt-hour
(kwh) and peak kilowatt (kW) on the grid. The study will recommend ways of reducing plug
load energy usage through energy efficient appliance replacement incentives and regulation.

Method

Twenty-nine CFS sites were selected to represent the various facets of the industry:

independent quick- and full-service restaurants, quick-service chains, university and corporate

dining halls, and hotel restaurants. Researchers established baseline energy consumption by
submetering the existing commercial plug load appliances with commercial-grade electric

meters. Where there was a potential energy saving opportunity, the existing appl iances were

replaced with equipment featuring energy saving technologies. Researchers characterized the
resulting plug |l oad energy savings and replacen
surveying the staff for their thoughts concerning the rep lacement technology. All appliances

were monitored for at least two weeks to obtain a reliable energy characterization.

Metering packages used for appliance monitoring varied depending on the setup and needs of
the facility. Instrumentation packages fell under two main categorizations: in-line and in-panel
metering. For in-line metering, the electrical meter was placed between the electrical source
and the appliance, generally tucked somewhere out of sight (Figure 1). The metering
instrument most frequentl y used was the Onset UX120-:018 HOBO Plug Load Logger, rated to
handle 120V/15A loads. The logger is UL-certified, with a 0.5 percent measurement accuracy
and a measurement resolution of 0.00001 Watt-hour (Wh), which was programmed to log,
process, and store cumulative electrical consumption at 30-second intervals. For appliances
with a higher voltage or amperage, a custom metering package was built using a Continental
Control SystemsWatt node Pul se electric meter inhanther
Onset HOBO Pulse data logger and appropriately sized current transformers (20A or 50A).
These electric energy meters had a resolution of 0.5 to 1.25 Wh depending on the size of
current transformers used and recorded energy consumption in 30-second intervals.

For in-panel metering, energy metering setups were placed inside the breaker panel to
monitor appliances that were either hardwired or in spaces that were too tight or inconvenient
to place an in-line meter (Figure 2). These setups consisted of appropriately sized current
transformers paired with either a DENT ELITEpro Energy Meter Data Logger or a ntinental



Control SystemsWattnode Pulse Meter and Onset HOBO Pulse Logger combo. Both featured
0.5 percent measurement accuracy, with a resolution minimum of 1.25 Wh.

Figure 1:1In -Line Plug Load Meters Installed at Chipotle

Source: Frontier Energy, Inc.

Figure 2:In -Panel Electrical Metering Setup with
DENT ElitePro Logger at Mills College

Source: Frontier Energy, Inc.



Researchers collected energy data from the loggers on a biweekly or monthly basis. Appliance
operation hours were determined by calculating an hourly input rate using a five -minute
moving average. After reviewing the electrical usage graphs of all appliances, times with input
rates higher than the input rates during periods of restaurant non -operation were considered
hours that the appliance was operated. Energy data was normalized for hours of operation to
mitigate biases from seasonality and fluctuations in business volume. Frontier also conducted
laboratory testing to characterize baseline and efficient plug load appliance operation within
controlled settings. Findings from this field and laborato ry research were integrated with in -
depth market analyses to determine the strongest energy saving plug load opportunities and
total energy saving potential for California.

A technical advisory committee (TAC) was also formed from various utility heads, en ergy
experts, and key manufacturing and industry figures to support the successful implementation
of the project. TAC meetings were held once a year to evaluate the progress of the project,
validate methods, scrutinize results, and provide suggestions and feedback.



CHAPTER 2:
Project Approach and  Market Evaluation

Project Approach and Verification

Frontier Energy characterized the savings potential of commercial kitchen plug loads via
through two main avenues, market analysis and energy data collection. Frontier conducted
market analysis by gathering information from existing research databases and conducting an
extensive survey effort including both in -person and online surveys. Frontier collected energy
data by working with various foodservice operators t 0 monitor the energy use of both baseline
and efficient appliances, as used to support the normal foodservice operation. Researchers
also worked with equipment manufacturers to conduct energy testing for appliances under
standardized laboratory conditions.

Frontier Energyobés energy analysis work was ver.i

(ADM). To confirm the validity of the method s and data of the Frontier Energy team, ADM

visited several foodservice sites where Frontier was conducting energy researchto verify the

operation of the monitoring equipment (Table 1). At these sites, ADM verified the correct

installation of the monitoring equipment and quality checked the data collection equipment.

During the site visits, ADM conducted one-time power measurements using an AEMC 3910

True RMS power meter to validate the measur emen
equi pment. ADM confirmed the measurement accur a
these various site visits, noting that the readings acr oss ADM&és and Frontier

consistent.

ADM al so conducted a parall el data anal yTables t o
2). ADM requested the baseline and replacement data for four separate appliance

replacements and analyzed the resultant savings individually from Frontier Energy. The

resultant energy savings between the ADM and Frontier analyses for the same data sets were

similar enough to confirm validity.

Table 1: ADM Analyzed Appliances for Data Validation

Appliance Recordin Baseline Replacement
Site IO_FIJ_ o Meter Type Interval 9 Monitoring Monitoring
yp Dates Dates
) Dent ELITEpro : 9/16/16 i 3/17/17 i
Café/Bakery | Toaster SP Logger 1-Minute 11/1/16 5/5/17
. Soup HOBO Plug Load : . 9/2/16 1 9/21/17 i
Mills College | \yarmer | Data Logger 1-Minute 12/15/16 11/14/17
. Soup HOBO Plug Load 12/13/16 i 10/2/17 7
Cafte 817 | \warmer Data Logger 30-Second 1/13/17 1/5/18
WattNode with . .
. 11/16/16 i 3/8/17 i
Caffe 817 Cooktop [I:gb;el;’ulse 30-Second 12/8/16 4/20/17

* The post-period data were recorded in 30-second intervals.

Source: Frontier Energy, Inc.



Table 1: Energy Analysis Validation

Calculated Café/Bakery Mills College Caffé 817 Caffé 817
Annual (Toaster) (Soup Well) (Soup Warmer) (Hotplate)
Energy Base- Effi - Base- Effi - Base- Effi - Base- Effi -

Use (kWh) line cient line cient line cient line cient

Frontier 19,022 | 16,240 | 332 | 301 | 291 161 | 6459 | 2,551

Energy

ADM 19,110 | 16,800 | 331 303 304 160 6,490 | 2577

ggerence 0.46% | 3.33% | 0.30% | 0.66% | 4.28% | 0.63% | 0.48% | 1.01%

Source: Frontier Energy, Inc.

Plug Load Market Characterization and Potential

To better understand the quantity of plug load cooking and warming appliances installed
throughout California, researchers conducted plug load inventory surveys at nearly 200
different foodservice facilities. Surveys focused on identifying the various appliance types,
estimating the quantity of the installed base, documenting hours of operation, and establishing
customer sentiment regarding preexisting plug load equipment usage and cost and interest in
available energy efficient options. Survey respondents were curated to represent the full range
of the foodservice industry, with at least 25 respondents each in QSR, full-service restaurant
(FSR), institutional dining facility, and commercial cafeteria.

Surveys were conducted via two methods: online and in person. The online surveys conducted
by Opinion Dynamics consisted of approximately 30 questions and were designal to take 5 to
10 minutes for operators to complete. Foodservice sites were selectively invited to participate
in the survey, with more than 150 total respondents. In -person surveys conducted by Frontier
Energy researchers at 50-plus foodservice sites recarded the type and quantity of the various
plug load appliances at each facility and included staff interviews about the hours and usage of
the different equipment. A portion of the in -person surveys were paired with baseline energy
monitoring on sample appliances, providing energy usage data over a period of at least two
weeks.

During data analysis, researchers noticed significant discrepancies between the quantitative
data gathered from the online surveys and in-person surveys. The average inventory of plug
load cooking and warming equipment observed during in-person surveys was 11 appliances
per site, which was less than half the estimated quantity from the total aggregate online

survey data. This discrepancy indicates the presence of unreliable or overstated quantities
from the online surveys. Given the higher level of oversight a nd expertise associated with the
in-person surveys, Frontier Energy researchers concluded that the data collected directly while
on site was more representative and should be used as the basis for energy modeling analysis.
While the qualitative data gather ed from the online surveys provided valuable insights into
customer perceptions, the quantitative data is likely inaccurate. Given the lack of consistent
terminology used to describe equipment within the foodservice industry, it is possible that the
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online survey respondents may have had difficulty accurately filling out the equipment
inventory numbers without additional guidance.

From the aggregated (online and in-person) survey results, researchers determined several
distinct plug load equipment types that were most commonly found in CFS facilities. Survey
results were categorized into these different groupings, extrapolating to ¢ reate an average
plug load inventory estimate for CFS facilities in California (Table 3). The estimated number of
CFS locations was taken from the 2010 North American Association of Food Equipment
Manufacturers (NAFEM Size and Shape of the Industry Study and multiplied with the average
plug load quantities derived from the market surveys for each appliance type.

Table 3: Plug Load Appliance Inventory Findings

Estimated Percent of

Appliance Type Avera_ge Number of Total _ Stores with
Units per Store Inventory in Plug Load
California Appliance
Toaster (Non-Conveyor) 0.45 42,067 29%
Toaster (Conveyor) 0.29 27,435 29%
Strip Heater 1.13 106,082 39%
Cooktop 0.08 7,316 4%
Rice Cooker 0.33 31,093 18%
Soup Warmer 1.05 98,766 45%
Coffee Brewer 0.88 82,305 71%
Tea Brewer/Hot Water 0.55 51,212 49%
Espresso Machine 0.29 27,435 27%
Holding Cabinet 0.43 40,238 20%
Tortilla Warmer 0.10 9,145 6%
Hot Food (Steam) Well 1.88 175,584 59%
Sandwich Press 0.41 38,409 24%
Waffle Iron 0.20 18,290 16%
Microwave 0.35 32,922 29%
Countertop Oven 0.20 18,290 18%
Miscellaneous (Other) 2.29 213,993 59%
Total 1,020,582

Source: Frontier Energy, Inc.
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The in-person survey results were combined with the energy monitoring results throughout

the study to estimate the overall energy load associated with various plug load cooking and

warming equipment. The energy load of the miscellaneous equipment found during the
kitchen surveys was approximated as the average energy load of the four appliance types

(cook and hold, heat lamp, heated shelf, and soda dispenser) monitored during the study that

didnot fal l

under the previously

defined

Frontier Energy analyzed the in-person survey data results to estimate that more than 1
million plug load appliances are currently in use in the State of California, across more than

93,000 foodservice facilities. Based on the market survey results, the revised estimate of plug-

load cooking and warming energy use in California is close to 2.2 terawatt-hour (TWh) per

year (Table 4). This research substantiates the significant energy impact of electric plug load

appliances.

Table 4: Revised Plug Load Cooking and Warming Equipment Energy Use Estimates

arges

Estimated Estimated
Appliance Type Average Measured Total . Annual
Energy Use (kWh/d) Inventory in Energy Use
California (TWhyr)
Toaster (Pop-Up) 0.6 42,067 0.01
Toaster (Conveyor) 19.6 27,435 0.20
Strip Heater 13.5 106,082 0.52
Cooktop 18.2 7,316 0.05
Rice Cooker 1.7 31,093 0.02
Soup Warmer 0.8 98,766 0.03
Coffee Brewer 9.1 82,305 0.27
Tea Brewer/Hot Water 1.9 51,212 0.04
Espresso Machine 13.1 27,435 0.13
Holding Cabinet 8.1 40,238 0.12
Tortilla Warmer 6.3 9,145 0.02
Hot Food (Steam) Well 5.3 175,584 0.35
Sandwich Press 7.7 38,409 0.11
Waffle Iron 8.7 18,290 0.06
Microwave 3.6 32,922 0.04
Countertop Oven 4.8 18,290 0.03
Miscellaneous (Other) 2.6 213,993 0.20
Total 1,020,582 2.19

Source: Frontier Energy, Inc.
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Energy Efficient Equipment and Operator Sentiment

Through Opinion Dynamics, Frontier Energy researchers also conducted an online survey of
operator sentiment on various plug load equipment types and energy efficient alternatives.
Most operators interviewed expressed interest in the idea of energy efficient plug load
equipment, but overall adoption of available technologies has been low for numerous reasons.

The survey results indicated a high need for education on the energy consumption,
performance, and benefits of the different types of plug load equipment. Based on the
preliminary responses, many operators consider all plug loads appliances to have nearly the
same utility costs and will often select an appliance simply based on initial price. Only about 15
percent of the survey respondents noted product quality as a consideration when purchasing
plug load cooking and warming equipment, a judgment fueled by the notion that plug load
appliances have relatively short life spans and provide interchangeable performance quality.
Most respondents believed that the plug load equipment wo uld last less than seven years, with
a sizable portion believing the equipment would not even last five years (Table 5).

Table 5: Operator Estimated Equipment Life Expectancy

Life Expectancy

Plug Load Equipment  Type Less than 5to 7 More than

5 years years 7 Years
Toaster (non-conveyor) (n=138) * 43% 34% 23%
Toaster (conveyor) (n=130) 38% 33% 29%
Strip Heater (n=127) 36% 33% 32%
Cooktop (n=136) 36% 34% 30%
Rice Cooker (n=122) 32% 41% 27%
Soup Warmer (n=138) 32% 39% 29%
Coffee Brewer (n=153) 39% 33% 28%
Tea Brewer/Hot Water (n=143) 34% 35% 30%
Espresso Machine (n=127) 38% 39% 22%
Holding Cabinet (n=135) 30% 34% 36%
Tortilla Warmer (n=118) 41% 28% 32%
Hot Food (Steam) Well (n=123) 29% 40% 31%
Sandwich Press (n=131) 37% 33% 29%

*Note: n = number of surveyed responses

Source: Frontier Energy, Inc.
About half of the survey respondents were unaware of any energy efficient options within this
class of cooking and warming equipment. The most commonly available equipment choices at

the foodservice equipment dealers are the standard (baseline) options, with efficient models
requiring a specialorder. Oper at or s commented that their | ocal
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different model options when selecting equipment, leaving price and brand as the most
important factors (Table 6). Without information on the benefits of selecting more efficient
equipment, there is no motivation to learn about different options. Frontier Energy researchers
aim to conduct further surveys with foodserv ice equipment dealers to confirm model selection
availability and raise awareness of the possible issues.

Among the operators who were previously aware of energy efficient plug load options, the
sentiment is split. About 40 percent of correspondents replied that they would purchase an
energy efficient model even without any additional incentives, believing it would still save
them money over the lifespan of the purchase. However, about 20 percent of correspondents
replied that t hey weffidedt pldtioadeguiproentaewee if there avas goy
additional cost (full rebate), believing their current equipment to be more reliable and of better
performance quality than the efficient options. The industry still equates energy efficient
equipment with poor performance.

Table 6: Operator Reasons for Not Adopting Energy Efficient EqQuipment
% of Respondents*
Issue Detailed Reasons Identified Topic
as Barrier Total
Financial Energy efficient equipment is too expensive 3204
Concerns
We are not sure if the electric bill savings would
justify the higher cost of energy efficient 26% 78%
equipment
We lack access to financing or capital to fund
. ) 21%
energy efficient equipment
Product We are not aware of the energy efficient 219
Awareness | equipment options ° 41
& Energy efficient equipment is not readily available 0
Availability 9y quip y 20%
Product We are not sure how well the energy efficient 34% 350

Performance | equipment would perform

*Note: percentages do not sum to 100 for multiple response questions

Source: Frontier Energy, Inc.

While operators expressed interest in energy efficient options, most of the survey respondents
first listed cost as being one of the primary barriers to investing in energy efficient plug load
equipment. With upfront cost a large deterrent, most respondents stated that they would
require payback periods of a year or less to consider purchasing energy efficient plug load
equipment. The limit for an acceptable payback period was two years for most operators; le ss
than 10 percent of respondents indicated they would be willing to accept longer payback
periods (Table 7).
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Table 7: Operator Perceptions on Financial Payback on Investment in Energy
Efficient Plug Load Equipment

% of R espondents
Minimum Payback Period
Necessary For Replacing Failed For Replacing Still
Equipment Operational Equipment

| would not ne(_ad a payback 9% 129

on energy savings

6 months or less 31% 25%

6 months to 1 year 35% 40%

1to 2 years 17% 15%

2 to 3 years 4% 5%

More than 3 years 4% 3%

Source: Frontier Energy, Inc.

Market Conclusions

Research results indicate that plug load cooking and warming equipment represents a
significant energy |l oad in California. Across
are roughly 1 million plug load cooking and warming appliances operating on CFS facilities,
consuming an estimated 2.2 TWh per year in energy. Most plug load cooking and warming
equipment is considered a short-term investment with anticipated life expectancies of less

than five years. With a general lack of the energy loads and performance benefits of advanced

plug load equipment, operators are primarily motivated to purchase the least costly units

available.

The initial survey results indicated a tendency among operators to equate the energy effect of
different types of equipment, with little regard to actual usage patterns. In the absence of
reliable energy consumption and performance information on plug load cooking and warming
equipment, it is difficult for operator s to ascertain which types of equipment would warrant a
higher investment in new technologies. Education on the energy usage and performance
benefits of various types of equipment is necessary to affect change in market behavior.

Further research on appliance inventories via in-person surveys is recommended to gather
accurate data and improve the energy consumption estimates. This will help to prioritize which
equipment offers the greatest energy reduction potential and to focus efforts on highlighting
the most promising new technologies by assessing the overall market potential. There are
significant opportunities to reduce overall plug load energy consumption using available
technologies.

To harness this potential, the primary barriers that need to be overcome are cost and lack of
consumer awareness. Nearly half of survey respondents knew little about the energy efficient
options available to them, so increased marketing publicity could nearly double the potential

market. Equipment distributors should b e involved in publicizing energy efficient offerings,
since they are often a foodservice facilityods
equipment purchasing decisions. To alleviate initial costs and gain widespread adoption, a
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rebate program offering payback periods of less than two years is necessary, with a payback
period of less than one year being preferable.

Appliance Field Analysis

Frontier Energy characterized the energy consumption of 129 plug load appliances across 22
different appliance types and within 29 different CFS sites. The observed plug load appliances
fell into three main functional categories: beverage, heating, and holding. This section will
primarily discuss the plug load appliances where there exists a point of comparison between
an initial and replacement arrangement. The complete appliance data can be found in
Appendix C.

Beverage

Beverage equipment that functions to heat or cool drinks is ubiquitous to cafés and
restaurants. This study focuses on beverage heating, which is essentially a plug load water
heater. All beverage equipment selected for this study has a water heating tank with a
resistance element. The primary energy drivers are the volume, temperature, and the duration
of the heating period of the heating tank.

Tank volume depends on the number of customers served; it is more efficient to heat one
large tank than several small ones of the same combined volume, due to lower surface area to
volume ratio. The surface area of the tank is not always insulated, as with e spresso machines,
and sometimes is poorly insulated in the case of coffee brewers. Quality insulation is relatively
inexpensive and can greatly reduce energy usage however, it reduces service access to
certain components for repair.

Water heating temperature depends on the beverage type, with coffee brewer tanks operating
close to 200°F (93°C) and espresso machines at 230°F(110°C) with high pressures for steam
generation. Tea brewers usually operate at lower temperatures, 160 to 180°F (71 to 82°C), for
brewing. Certain models of espresso machines have several tanks kept at different
temperatures to keep coffee extraction temperature fluctuations to a minimum throughout a
dispensing cycle. Hot water is heated before the coffee is extracted, but post -extraction coffee
is usually unheated and is kept in well insulated air-pot containers. In the case of iced tea, the
post-extraction hot tea is usually dispensed in a metal container full of ice.

Appliance monitoring efforts were focused on three beverage equipment types: coffee
brewers, espresso machines, and tea brewers. Of the three equipment types, espresso
machines used the most energy on average (Table 8 and Figures 3 and 4). Researchers found
that beverage equipment was often never turned off and left on th roughout the night in a
constant ready-to-use mode. This wasted nighttime energy could be saved by installing a
timer mechanism to turn the equipment on or off at certain time periods or put it into an
energy saving mode. Behavioral changes in operation swch as having the staff power the
equipment on or off when they arrive or leave would greatly reduce energy, but this may not
always be an option because of the relatively long preheat time (10 7 30 minutes). The
automatic energy saving mode isalsotypical y mor e effective because i
operator compliance.

Since coffee brewers and espresso machines have sizeable idle rates, reducing this overnight
energy can result in energy reductions of more than 50 percent. Savings are greater for shops
with shorter operating hours, since there is more idle energy that can be eliminated. Tea
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brewers can also reduce their energy use by a significant percentage, but the total savings are
lower because they are less energy intensive.

Table 8: Energy Use of Commercial Foodservice Beverage Equipment

N - O >~ 5 S B o
| S 5 543 | 825 | fe5_| 885 | .¢&
Appliance = ® S5 x| o3> EOoXx o < -
= @ o © = >0 © > 0 © ® < = o 8 2N
R 28 Esc | X590 IIc2| E3e | 58E
ss | 223 5§ | S26%| sgéf 23
o2 °oS | 28 <0 o &
Coffee Baseline 7 9.1 12.7 0.71 55.3
Brewer Replacement | 2 1.0 8.0 0.18 '
Espresso Baseline 6 13.1 13.4 0.98 68.7
Machine Replacement | 1 4.5 10.0 0.45 '
Tea Brewer | Baseline 3 1.9 13.7 0.14 N/A

Source: Frontier Energy, Inc.

Figure 3: Energy Use Comparison of Commercial Foodservice  Beverage Equipment

M Baseline ® Replacement

Daily Energy Usage (kWh/d)
(0]
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Coffee Brewer Espresso Machine Soda Dispenser Tea Brewer

Source: Frontier Energy, Inc.
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Figure 4: Average Input Rate Comparison of
Commercial Foodservice  Beverage Equipment

M Baseline H Replacement
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Coffee Brewer Espresso Machine Soda Dispenser Tea Brewer

Source: Frontier Energy, Inc.

Coffee Brewer

Coffee brewers are one of the most ubiquitous appliances found in restaurants due to high
demand, ease of service, and sizeable profit margin. Researchers monitored coffee brewers at
six different sites for a total of s even coffee brewers examined during baseline monitoring.
Most of these coffee brewers were 1- or 1.5-gallon machines that operated throughout the day
but were used most frequently in the morning. Of the seven baseline coffee brewers, Frontier
was able to modify two of them to generate energy savings. The coffee brewer at Rebecca
Delight Café was reprogrammed to activate its previously unused energy save mode, while the
coffee brewer at the FSTC had an external timer installed to automatically turn the machi ne on
or off to match typical business hours.

Rebecca Delight Café

The coffee brewer monitored at Rebecca Delight Café was a Curtis DS00GT model, a

120V/1700W single air-pot brewer (Figure 5). For the extent of the <caf
from a single brew cycle usually lasts throughout the day, but the appliance was left on 24/7.

The data showed that most of the energy use was due primarily to this idle energy, since the

difference between the minimum and maximum daily energy was only about 0.1 kWh (Figure

6). Since the minimum energy use falls on the we
indicated that almost all the energy used by the coffee machine was simply idle energy used

to keep the coffee brewer in a ready-to-use state. Researchers monitored the coffee brewer

for two months and found that the brewer used an average 1.5 kWh per day of electrical

energy during an average 8.0 hours of store operation.

Frontier Energythenact i vated the coffee brewer ds pheevi ou:
energy save mode significantly lowered the energy consumption when the brewer was not
actively being used, which was most of the ti me
of coffee in the morning and is not open on the weekends. This simple modification, making
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use of an available but often unused feature of this appliance, reduced energy to an average
0.5 kWh per day, a 67 percent energy reduction. Since the savings were from using a
preexisting function within the appliance, there was no payback period.

Figure 5: Rebeccads Curtis ThermoPro 1.5 Gal
:aﬂk.‘zss.suw

Source: Frontier Energy, Inc.
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Food Service Technology Center

Researchers monitored a Curtis D1000GT model 240V/5050W dual aipot coffee brewer at the
Food Service Technology Center (FSTC¥yhown in Figure 7. FSTC staff use this coffee brewer
to make a single pot of coffee in the morning and sometimes another pot in the afternoon, but
it sits relatively untouched for the rest of the workday, used only periodically for hot water
dispensing for tea or drip coffee. As such, most of the use is primarily idle energy to keep the
dispensed water hot (Figure 8). After analyzing the data, it was clear that the appliance was
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left on 24/7, even after the workday was over. This includes the weekends, when the FSTC is
not open for business, indicating a strong opportunity to save energy during these non -
business hours. Monitored for two months, the coffee brewer used an average 2.5 kWh per
day of electrical energy, through an average 10.0 hours of facility operation.

Frontier Energy installed an external timer on the unit, to turn the coffee machine off when
staff normally leaves and an hour before the first person normally arrives in the office. This
hal ved the coffee brewerdés total operation
consumption to 1.5 kWh per day, a 41 percent energy reduction. For this site, the annual
energy savings were about $56, the same as the cost of the external timer. The payback
period for the timer was thus one year.

Figure 7: FSTC Curtis D10 00GT Twin Pot Coffee Brewer

a1l

Source: Frontier Energy, Inc.

Figure 8: FSTC Daily Coffee Brewer Operation Comparison
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Results

Coffee brewers exhibited a wide range of energy usage depending on application and coffee
consumption (Figure 9). As a large bakery/café chain with long operating hours, Café/Bakery
had significantly greater coffee brewer energy use largely due to the high activity demand.
This is clearly illustrated in the relatively high average input rate, which shows that the coffee

brewers were being actively used (Figure 10). By contrast, Rebeccabds

less energy thanks to significantly less coffee brewing. It is estimated that both operations
served less than 50 cups of coffee per day, much less than Café/Bakery or Mills College. In all
observed cases however, the coffee brewer was left on 24/7, resulting in a constant energy
consumption of about 2 kWh per day of non -operation. The data indicate that leaving coffee
brewers constantly on is common, so having a timer to turn the brewer on or off would be a
reliable way to save energy. Overall, the baseline coffee brewers had an average energy use
of 9.1 kWh per day with 12.7 hours of operation (Table 9).

The replacements were made for the two least -used coffee brewers, which presented the
largest opportunity in terms of percent of energy savings (Table 10). Energy savings depend
generally on two things: idle rate to keep the coffee brewer in a ready -to-use state and hours
idling as opposed to active usage. The higher both factors are, the greater the savings.
However, higher idle time tends to mean that the total e nergy use is not very high. The
repl acements at Rebe abighppercerd of davihgh (€7 pEr&iit @d B0a d
percent, respectively), but each only reduced overall daily energy consumption by about 1kWh
(Figure 9). Normalizing for facilities that are also open on the weekend, this drops the savings
down further to 51 percent and 16 percent, respectively. This brings the normalized average
energy savings to 33 percent, which serves as a reasonable ceiling for potential energy savings
for a simple overnight shutoff. To achieve greater energy savings, coffee brewers would need
to be replaced by more efficient or well insulated versions.

Table 9: Coffee Brewer Results

Total Brew Average
Site Capacity EEZ:ZLA(E\%?%}) TOL&;S\;G(L&)QG Input Rgte
(gal) (kW)
Baseline
Mills 3.0 8.8 12.0 0.733
CaféBakery 1 2.0 18.1 18.0 1.006
Café/Bakery 2 3.0 19.5 18.0 1.082
Chromatic Coffee 1.0 11.9 15.0 0.791
Rebecca's 1.5 1.5 6.0 0.245
FSTC 3.0 2.5 10.0 0.252
Average 2.3 9.1 12.7 0.713
Replacement
Rebecca's 15 0.5 6.0 0.075
FSTC 3.0 1.5 10.0 0.148
Average 2.3 1.0 8.0 0.112

Source: Frontier Energy, Inc.
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Table 10: Coffee Brewer

Replacement Data Comparison

Total Total .
. Normalized :
Baseline or Average Average Ener Normalized
Site Replacement Daily Energy Daily Hours gy Savings
. Usage Rate
? Usage of Operation (kW) (%)
(kWh/day) (h/day)
Baseline 1.5 6.0 0.245
Rebec 69.4
Replacement 0.5 6.0 0.075
Baseline 2.5 10.0 0.252
FSTC 41.3
Replacement 1.5 10.0 0.148
Average 55.3
Source: Frontier Energy, Inc.
Figure 9: Coffee Brewer Daily Energy Use Comparison
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Figure 10: Coffee Brewer Average Power Comparison
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Espresso Machine

Espresso machines can be one of the signature pieces of equipment in a café or coffee shop.
With prices for high end espresso machines reaching into the tens of thousands, baristas are
often very attached to this piece of equipment. Coffee of this genre is just as much an art as
food is in a restaurant. As a result, owners are less likely to replace their espresso machine
with an energy saving counterpart than other appliances in their operation. Espresso machines
maintain water at temperatures higher than 230°F (110°C) under higher pressure inside the
boiler and often have additional group -head heating elements. For this project, Frontier Energy
explored the full range of espresso machine offerings in varying contexts. Researchers
monitored six different espresso machines but could only replace one of them.

Café Gabriela

Café Gabriela originally had a La Marzocco Linea, a 208V automat: unit with two group heads

(Figure 11). After the monitoring period, it was discovered that the espresso machine was left

on continuously, despite the café being open for only 10 hours each day and closed during the
weekends. This resulted in an average daily energy usage of 14.3 kWh, with the espresso

using 14 7 15 kWh during the weekdays and about 13 kWh during the weekends. Since the

caf® isnbét open during the weekends, this enerdg
energy consumption was due to idle energy rather than active use.

The Linea was replaced by a Nuova Simonelli Aurelia 1l V unit, featuring an insulated boiler
and programmable smart controls that include an automatic shutoff timer (Figure 12). Prior to
replacement, Frontier Energy brought in the Café Gabriela staff to train them on the espresso
machine usage and programming. The Aurelia was programmed to shut off 30 minutes after
service, turn back on an hour before the start of service, and stay off during the weekends.
The savings from this customized operation schedule, paired with the lower operating input
rate thanks to the insulated boilers, resulted in a reduced average energy use of 4.5 kWh/day.
This was a 69 percent reduction in energy, equivalent to about $540 in energy savings p er
year for the typical $0.15/kWh rate.
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Café Gabriela was extremely pleased with both the energy savings experienced and with the
quality of the espresso machine itself. No operational changes were necessary to lock in
energy savings and create a quality product. The baseline Linea costs about $13,500 while the
replacement Aurelia Il costs about $12,900, so there was no payback period for this
replacement. The $600 purchase savings and the $540 annual energy savings directly
benefitted the business, making the replacement an extremely valuable opportunity (Figure
13).

Figure 11: Baseline Automatic Espresso Machine

e’
g

Figure 12: Nuova Simonelli Aurelia Il Replacement Espresso Machine

Source: Frontier Energy, Inc.
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Figure 13: Daily Espresso Machine Operation
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Results

The monitored espresso machines exhibited a wide range of energy use, which cannot always
be predicted with just operation hours or level of activity (Table 11). The espresso machine at
Café/Bakery, a large bakery/café chain with long operating hours and significant product
demand, used the least amount of energy because it was a fully automatic esp resso machine.
Voyager Craft Coffee, with higher active usage but significantly shorter operating hours, had
an espresso machine that used more than four times as much energy. Overall, the coffee
brewers had an average energy usage of 13.1 kWh per day over 13.4 hours of business
operation (Figure 14).

As an appliance that runs constantly, there is significant savings opportunity for the espresso
machine, even without having to replace the equipment (Table 12). This can be seen by the
comparison of the daily energy usage and the daily active operating hours 8 the amount of
time that the espresso machine is actively being used has a negligible effect on the overall
energy use. This implies that the bulk of the energy use is simply because the espresso
machine is turned on, which in turn means that significant energy savings can be gained
simply by setting a timer for automatic shutoff outside the hours of operation. Operators who
do not want to turn off their machine at night may say that heating and cooling of the

machine may cause piping to expand, contract, and reduce the lifespan of pipe seals;
however, newer machines are built to withstand such thermal fluctuations.

The espresso machine replacement made at Café Gabriela saved 8.6 kWh per day, nearly 69

percent of the baseline energy cost. These savings were thanks to the improved insulation of

the unit, which allowed the unit to operate at a lower average input rate (Figure 15), and the

automatic timer shutoff, which switched the espresso machine on and off according to the

owner 6s programmed hour s of throygledetailedianatysisoRe s ear c h
espresso machineds e n eupegnergpforthé aspresso machireis t he st a
equivalent to about 2 i 3 hours of overnight idling energy. Thus, it is apparent that any
foodservice operati on ouldbenefitdronengghnttine esprgssor at e 24/ 7
machine shutoffs. There was also no payback per
replacement, so its $540 in annual energy savings were pure profit.
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Table 11: Espresso Machine Results

Total Average

Total Average

Average Input

Site Energy (k Whid) Hours (h) Rate (KW)
Baseline
Mills 7.9 12.0 0.658
Café/Bakery 4.4 18.0 0.244
Bridges 121 11.6 1.047
Chromatic Coffee 194 13.0 1.493
Voyager Craft Coffee 20.6 15.0 1.373
Café Gabriela 14.3 11.0 1.304
Average 13.1 13.4 0.978
Replacement
Café Gabriela 4.5 10.0 0.450
Average 4.5 10.0 0.450
Source: Frontier Energy, Inc.
Table 12: Espresso Machine Replacement Data Comparison
. Baseline or Total Average Daily Savings Paypack
Site Replacement? Energy Usage (%) Period
P ' (kWh/day) (yrs)
Baseline 13.1
Café Gabriela 68.7 None
Replacement 4.5

Source: Frontier Energy, Inc.

Figure 14: Espresso Machine Daily Energy Use Comparison
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Figure 15: Espresso Machine Average Power Comparison

M Baseline ® Replacement

Mills Café/Bakery Bridges Chromatic  Voyager Craft Café Gabriela
Coffee Coffee

By By By By BY I
O N B O O

Average Input Rate (kW)

© 0 0 0 0
ON B O ®

Source: Frontier Energy, Inc.

Soda Dispenser

Extremely common in all restaurant types but especially in quick service applications, soda
dispensers offer ease of service andsizeable profit margins. Given the ubiquity of the
appliance, researchers determined soda dispenser energy use to be worth characterizing,
despite it typically being deemed as a low energy appliance. The research team monitored one
advanced interface sodadispenser at a large sandwich chain, which was enough to verify the
low energy consumption despite 24/7 operation.

Results

Frontier monitored the advanced soda dispenser
dispenser was a new electronic model that had a touchscreen interface and could serve tens
of different soft drinks and combinations. This soda dispenser was never turned off, but was
measured to only use about 1kWh per day on average, with very little difference in energy use
between hours of operation and idle time. These machines thus had very repeatable energy
use and did not require a long monitoring period to accurately characterize daily energy
profiles. Overall, the soda dispenser had an average energy use of 1.0 kWh per day with 11.0
hours of business operation (Table 13). No replacements were made for the soda dispenser
because of the lack in suitable replacements and dollar savings available. Operator behavioral
change to turn off the machine at night or installing an automatic shutoff timer wo uld likely
save less than 0.5 kwWh per day.

Table 13: Soda Dispenser Results

Site Total Average Total Average Hours Average Input Rate
Energy (kwh/d) (h) (kW)
Togoods 1.0 11.0 0.094
Average 1.0 11.0 0.094

Source: Frontier Energy, Inc.
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Tea Brewer

Lessubiquitous than coffee brewers, tea brewers are nonetheless a relatively common
appliance found in cafés and full-service restaurants with a variety of drink options. Tea
brewers offer ease of service and sizeable profit margins. The research team monitored two
tea brewers at two different café sites, one on a college campus and the other at a large
bakery chain. Most of the tea brewers operate throughout the day and often are never turned
off.

Unlike coffee brewers, tea brewers seem to have relatively litt le use and do not fluctuate much
in daily energy consumption (Table 14). Even CaféBakery, a large bakery/café chain with long
operating hours and elevated levels of activity, averaged only 2 i 3 brew cycles per day. Most
ofCaf Bakeryds tea brewer energy usage stemmed fr
difference in energy usage between its busiest and lightest day. As an appliance that is never
shut off, there is a definite opportunity to save energy during these idle perio ds via a timer or
an energy saving mode. This could save a significant percentage of the total energy used. Tea
brewers do not generally have a constant usage demand, so shutting off the brewer after the
brew cycle can greatly reduce standby energy usage. Overall, the tea brewers had an average
energy usage of 1.8 kWh per day with 15.0 hours of business operation. No replacements
were made for tea brewers because of the lack in suitable replacements and dollar savings
available. However, an automatic shutoff timer could likely save about 1 kWh per day if
installed.

Table 2: Tea Brewer Results

Site Total Average Total Average Hours Average Input Rate
Energy (kwh/d) (h) (kW)
Mills 1.6 12.0 0.133
Cafe/Bakery 1.9 18.0 0.106
Average 1.8 15.0 0.119

Source: Frontier Energy, Inc.

Heating

Foodservice equipment used to heat prepared food tends to be among the more energy
intensive plug loads, due to the high temperatures required for these processes. Many of these
appliances are constantly left on at a high input rate regardless of usage demands (Figure 17).
Heating equipment involves one or two heated surfaces that heat food via conduction,
convection, or radiation. Frontier Energy characterized various operation types in this plug load
study, monitoring 11 different types of heating equ ipment.

Cooktops, panini presses, waffle irons, pop-up toasters, rice cookers, and tortilla warmers
conduct heat to the food product or cooking vessel through direct contact. Panini presses,
waffle irons, and tortilla warmers conduct food using two heated surfaces, whereas the
cooktop and rice cooker heat vessels underneath with a single heated surface. The
rethermalizer also uses conduction, but through the medium of hot water to heat the product.
Countertop ovens meanwhile heat through convection, while conveyor toasters and
microwaves cook product through radiation. Rapid cook ovens use a hybrid method of both
convection and radiation, which is highly energy intensive but also cooks quickly.
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Researchers discovered that baseline conveyor toasters and cookbps used the most energy
(Table 15). This was due to a combination of long operation hours, constant high energy input
rates, and no thermostatic feedback of the appliance.

Table 15: Energy Use of C ommercial Foodservice  Warming Equipment

. 55 | 583 9% PwS8 TS S
Appliance o £ NI S 5 @S 55 N D2 85 E =
Type S @ 282 | 252 2237 | 82T S 39
P 2 g ESE | X0 |2Is5 | By | 588
T o 23S |85 | E2F S gl o=
) °Cog C8g | °4 x O
- O
Countertop | 5 celine 1 4.8 11.2 0.43 N/A
Oven
Toaster Replacement | 6 14.0 10.4 1.59 '
Baseline 1 18.2 8.4 2.17
Cooktop 29.0
Replacement | 4 3.8 4.9 0.76
Microwave Replacement | 2 3.6 4.1 0.86 N/A
Baseline 7 7.7 7.0 1.07
Panini Press 4451
Replacement | 4 6.2 10.3 0.59
Pop-Up Baseline 1 0.6 1.3 0.50 N/A
Toaster
Rapid Cook Replacement 5 20.3 14.6 1.44 N/A
Oven 2
Baseline 1 64.0 18.0 3.56
Rethermalizer 10.9
Eep'aceme”t 1 57.0 18.0 3.17
Rice Cooker Baseline 7 1.7 6.6 0.61 N/A
Tortilla Baseline 4 6.3 9.3 0.67 N/A
Warmer
Waffle Iron Baseline 2 8.7 9.7 0.90 N/A

!savings not from direct replacement but extrapolated from the comparison of normalized average energy
rates for baseline and replacement equipment monitored.

2No direct replacements were made using rapid cook ovens, but they are categorized as a replacement
technology because of their potential to save energy.

3The replacement is the same unit, but with an added lid for less heat loss.

Source: Frontier Energy, Inc.
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By contrast, equipment like rice cookers, microwaves, and pop-up toasters used much less
energy on average (Figure 16), because the appliance operates on a batch cooking cycle with
almost no standby energy. This means the appliance operates at peak energy demand for only
a fraction of its total overall operating time, reverting to a zero or low energy setting for the

rest of the time.

Figure 16: Energy Use Comparison of Commercial Foodservice  Heating Equipment
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Only four appliances in this category had energy saving solutions readily available to be tested.
The replacement conveyor toasters used sensors to switch the appliance into a reduced input
energy saving mode whenever there was a lack of activity, red ucing idle energy. Researchers
added a lid to the large rethermalizer to measure the effect of a simple solution contingent on
behavioral change. The cooktop and panini press replacements used entirely different
technologies, induction and hybrid microwave/conduction cooking respectively. These various
energy solutions had significantly different levels of success, based on the application and
technology.
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Figure 17: Input Rate Comparison of Commercial Foodservice  Heating Equipmen t
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Countertop Oven

Countertop ovens are typically found in small bakery/café situations, used to quickly reheat
baked goods via convection and optimize taste and texture before serving them to customers.
As such, they are typically found at the front of the house, close to t he register and the food
product display case. To optimize speed of service, these ovens may be left idling somewhere
between 300 and 400°F (149 and 204 °C) during peak business hours. However, this
appliance is highly visible and thus does not often experience the issue of being left on
overnight, as is common with some other plug loads. Among this appliance category, one oven
model is particularly common and is both energy efficient and relatively affordable.

Results

Researchers monitored the countertopoven at Kettl ede, an I ndian c:
oven was the common Moffat Turbofan model and was located right behind the pastry case,

used to reheat pastries as desired by the customers when they were ordered. This countertop

oven operated slightly beyond operating hours, averaging 11.2 hours per day, and was always

turned on or off properly. Researchers measured this countertop oven to be consuming 4.8

kWh per day on average (Table 16). The machine was used frequently throughout the day,

with mor e idle operation occurring in the late afternoon. No replacements were made for the

countertop because of the lack in suitable replacements; past lab test results on this brand

and model have shown it to be quite efficient. In comparison to other plug load s, energy

consumption by countertop ovens seems to fall right in the middle.
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Table 16: Countertop Oven Results

Site Total Average Total Average Hours Average Input Rate
Energy (kwh/d) (h) (kW)
Kettl ede 4.8 11.2 0.432
Average 4.8 11.2 0.432

Source: Frontier Energy, Inc.

Conveyor Toaster

Due to the high constant radiant heat output, conveyor toasters are some of the most energy
intensive plug load appliances found in restaurants. Given the popularity of toasted bread,
muffins, and bagels, conveyor toasters are commonplace in any restaurant or cafe with a
breakfast/lunch service. Conveyor toasters provide higher production capacity and ease of
operation, compared to standard pop-up toasters, at a greater energy cost. The research team
monitored conveyor toasters at 10 different sites, ranging from campus cafeterias to cafés to
full-service restaurants.

The baseline toasters were replaced at six of those sites, with toasters that had smart energy
saving technology. Equipped with a sensor, these toasters would activate their energy save
mode i f there wasndét any product placed into th
default manufacturer setting for this technology was 30 minutes. Once energy save mode was
activated, the toaster would pause t he conveyor and significantly lower the electrical input to
the heating elements. Once new product was finally placed into the toaster again, the sensor
would deactivate the energy save mode and reengage the toaster at full input, slightly
extending the cook time of the first batch after resuming cooking operation to maintain the
same toasting quality. Thus, these toasters capitalized on reducing idle energy to save energy,
which made the savings from replacement vary significantly depending on appliance idle
times.

Caffe 817

As a European style bakery, Caffé 817 has a constant demand for bread toasting, making their
Hatco TQ-10 Toast-Qwik conveyor toaster a perfect candidate for submetering (Figure 18).
The conveyor toaster was monitored for three months, r esulting in 15.5 kWh per day in
electrical consumption, while operating for 8.8 hours per day on average (Figure 19). For most
days, the toaster was turned on shortly before café opening and left on at a constant input all
day, only being turned off at the close of business.

After baseline monitoring, the Hatco TQ-10 was replaced by a Hatco TQ3-400, which had
approximately the same voltage and input ratings but also featured the automatic energy
saving mode. This allowed the toaster to significantly reduce its energy rate during low usage
periods, typically either immediately after initial preheat or during the afternoon. Caffe 817
was typically busy throughout all its hours of operation, so the replacement toaster still used
15.0 kWh per day, but only an av erage 9.8 hours of operation per day. Normalizing for hours
on, this means the toaster reduced energy consumption by 13 percent, equivalent to about
$123 for the average $0.15 per kWh electrical rate. For this site, the energy efficient
replacement had a payback period of 3.7 years.
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Figure 18: Caffe 817 Baseline Hatco TQ -10 Conveyor Toaster

Source: Frontier Energy, Inc.

Figure 19: Caffe 817 Conveyor Toaster Daily Use Profile

Source: Frontier Energy, Inc.
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